Introduction
Leachates generated by water percolating through sanitary landfills can seriously degrade surface and groundwaters, particularly in areas subject to high humidity and rainfall. Lining landfills with materials of very low permeability could provide a longterm solution to the problem of leachate pollution and could also make previously unacceptable sites usable as landfills. This project investigated the potential of various lining materials for controlling the movement of leachate from landfills by examining their properties after different types of exposure to municipal solid waste (MSW) leachate.
Little was known about the durability of lining materials in contact with MSW leachate when this project was initiated in 1973. The scope of the work and the objectives were updated periodically to reflect the changing liner technology. The principal objectives of the project were as follows:
(1) to determine the long-term effects of MSW leachate on a wide variety of materials that could be used as landfill liners, (2) to determine the effective service lives of these materials when in prolonged contact with leachate or landfill conditions, (3) to develop laboratory tests for assessing the properties of membrane liners under simulated field conditions, (4) to generate a useful data base for MSW landfill liners and (5) to analyse costs associated with the use of landfill liners.
The project results are fully summarized by Haxo et al. (1983) . Material has also been presented in a U.S. Environmental Protection Agency (EPA) Technical Resource Document (Matrecon 1983) , which covers the state-of-the-art in liner technology as of 1983 and includes the advances in liner technology that have taken place since 1973, when this project was initiated.
Methods and materials
In the course of this study, 65 materials were subjected to at least one of seven different exposure tests. These materials include four admix materials, two asphaltic membranes, 50 commercial polymeric membrane liners, and nine miscellaneous materials. The number and types of liners and types of exposures are summarized in Table 1 . Table 2 ). The primary samples were sealed into place by casting a ring of a rapid-set epoxy resin around their peripheries after they had been placed on the bases. The secondary specimens were strips approximately 54 x 508 mm (2.125 x 20 in), that were spirally coiled and buried vertically in the sand above the primary liners to permit flow through the specimens. The simulators in which the liners were exposed and in which the leachate was generated consisted of 3 m (10 ft) columns containing 2.4 m (8 ft) of compacted, shredded refuse (see Fig. 1 ). Since the primary liners were sealed into the simulator bases to prevent the leachate from bypassing the liners, any seepage through the liner could be measured. A hydraulic head of I ft of leachate was maintained on the liners, and leachate was collected continuously. Table 5 ). .2~~] £%12 t.
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£ fif£ ~.. When liners are placed, samples should be retained and provisions should be made in the design to place samples in contact with the leachate that will be generated in the landfill. These samples should then be recovered at various times to measure the effects of the exposure on properties. Monitoring of the groundwater below a fill and the development of leak detection devices would also be helpful in assessing liner performance.
